Abstract: This paper gives a brief review of the studies on zooplankton fauna of Arunachal Pradesh, the major shareholder of the eastern Himalaya biodiversity hotspot. Altogether, 66 species of zooplankton (45 Rotifera, 20 Cladocera, & one Copepoda) have been recorded along with their distribution in the state, wherever available. It is apparent that there is a lack of serious taxonomic studies on all three major groups of zooplankton from this Himalayan state. The urgency and importance of documenting the zooplankton fauna of this biogeographically unique and biodiversity-rich state is highlighted in view of the fragility of the ecosystem as well as the effect of climate change.
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Review

Status of studies on zooplankton fauna of Arunachal Pradesh, India
INTRODUCTION
Zooplankton is an important biotic component of aquatic ecosystems (Dadhick & Saxena 1999; Sinha & Islam 2002) acting as indicators of the trophic condition of an ecosystem (Gannon & Stemberger 1978; Sharma 1998) . Changes in zooplankton abundance, species diversity, and community composition are considered as good indicators of environmental change . Truly planktonic animals or zooplankton are dominated by three major groups in freshwaters, the Rotifera and the two groups of the subphylum Crustacea, namely, Cladocera & Copepoda. The present study, thus, concentrates on these three major groups.
Freshwater rotifers are represented by over 2000 species (Segers 2007 (Segers , 2008 of which 419 species belonging to 65 genera are known from India (Sharma & Sharma 2017a) . The Indian Rotifera diversity is relatively richer than other Southeast Asian countries like Thailand (Sa-Ardrit et al. 2013) . Of the nearly 700 species of freshwater cladocerans known globally (Forro et al. 2008; Kotov 2013) , 131 species in 47 genera have been reported from India (Chatterjee et al. 2013; Sharma & Sharma 2017b) . Out of about 3000 species of freshwater copepods known globally, the Indian diversity is estimated to be nearly 200 species under 60 genera (Reddy 2017) . Rotifera, Cladocera,, and Copepoda, thus, share roughly 21%, 18%, and 7% of their respective global diversity till date.
Studies on Indian zooplankton began more or less at the beginning of the 20th century. Studies on Indian Cladocera was initiated with the description of Daphnia newporti Baird, 1860 (now it is a 'species inquirenda').
The momentum, however, picked up with the publication of two papers on Indian Cladocera at the beginning of the 20 th Century (Gurney 1906 (Gurney , 1907 . Though Indian Rotifera studies started near the end of the 19 th Century with the report of 47 species from Calcutta and its surroundings by Anderson (1989) , a clear impetus in Rotifera studies from India is evident with the works of Murray (1906) , who reported 32 species from the Sikkim Himalaya (now a part of northeastern India), followed by quite a number of publications. Works of Gurney (1906 Gurney ( , 1907 at the beginning of the last century were the first reports on Indian freshwater Copepoda.
The progress of studies on Indian zooplankton, encompassing all facets, is well-documented (see Sharma & Sharma 2017a for Rotifera; Sharma & Sharma 2017b & Chatterjee et al. 2013 for Cladocera; Reddy 2017 for Copepoda). While these studies dealt with individual groups, a common observation by them is the non-homogeneity of the progress in space. All the biogeographic zones of the country are not equally studied including different ecosystems like hot springs and alpine regions. Also, studies from different regions as well as states of the country are disproportionate, a fact that can be attributed to the recorded low diversity in these groups in relation to global diversity. Within the Indian landmass, substantial work has been done from the northeastern region in terms of Rotifera and Cladocera while most of the studies on Indian copepods have been confined to the southern peninsula.
A (Sharma 2017a) contributed to the relatively rich cladoceran diversity of the region. Not much is known about the Cladocera diversity of the remaining northeastern states except for sporadic reports. The copepod fauna of northeastern India as a whole is poorly studied with only a few reports (Reddiah 1964; Reddy 2013a,b) from the region. The only systematic study on the zooplankton fauna of Arunachal Pradesh is perhaps by Sharma et al. (2017a,b,) who reported seven species each of Rotifera and Cladocera from Tawang. But it neither mentioned the occurrence of other species in the district nor provided any details on the number and distribution of zooplankton in the state.
There is a complete dearth of studies exclusive to any of the three zooplankton groups from Arunachal Pradesh though it is a part of the eastern Himalaya global biodiversity hotspot (Myers et al. 2000) and is also among the 200 globally important ecoregions (Olson & Dinerstein 1998) . Therefore, it is critically imperative to undertake comprehensive and dedicated studies on important aquatic faunal groups like zooplankton of Arunachal Pradesh that is ecologically fragile, especially due to the developmental pressure it is witnessing of late. This is upholded by the more sensitive nature of these tiny organisms. In this context, it is imperative to know the state of affairs of zooplankton fauna of
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Arunachal Pradesh before undertaking a detailed study. This is what this study is aimed at, making a sincere effort to collate all the existing scattered information on zooplankton fauna of Arunachal Pradesh.
Arunachal Pradesh: the biodiversity mine
The state The state has an unmatched composition of biological diversity having representative elements of the different conjoining ecosystems as well as its own unique elements. Wide altitudinal range from 50 to >7000 m within the state has brought about a great diversity of habitat and forest types and climatic conditions from temperate to alpine or tundra that arguably support the evolution and existence of diverse forms of biota. The landscape is one of the richest in biological values in the world, high in endemism and holding a large number of rare and threatened species (Rao 1994; Baishya et al. 2001; Borang 2001) . Frequent new discoveries and new records in almost all groups of flora and fauna from the state reinforces the above observations and the state can be rightly considered as a 'biodiversity mine' for its biodiversity potential.
This Himalayan state harbours a wide variety of both lotic and lentic freshwater biotopes, ranging from subtropical wetlands to hot-springs to high-altitude glacial lakes. The five major rivers, namely, Kameng, Subansiri, Siang, Dibang, and Lohit, along with another 123 rivers and streams (SAC 2009) constitute the lotic habitats accounting for 86% of the total wetland area of the state. The state has a total of 2,653 wetlands, natural as well as man-made, with a total area of 155,728ha that accounts for more than 2% of the total geographic area of the state. These vast wetland systems harbour diverse aquatic fauna including freshwater zooplankton, most of which are yet to be explored. There are about 1672 high altitude lakes (SAC 2009) Padhye & Kotov (2010) found two species of Cladocera in a hot water spring in the Western Ghats of India. Among all other organisms, the diaptomid Arctodiaptomus jurisovitchi, was the most widely distributed species recorded from high altitude mountain lakes at 4000-6000 m in the Khumbu Valley in the Nepal Himalaya (Manca et al. 1998 ).
Rotifera of Arunachal Pradesh
Rotifers are pseudocoelomate, multicellular, mostly microscopic organisms with size of about 40-250 µm. Though omnipresent, rotifers are primarily freshwater invertebrates, with about 95% of the species reported from freshwater habitats (Sharma 1996) . At present, roughly a little over 2000 species of rotifers are known from the world and classified in to three main groups, the marine Seisonida (three species), the Monogononta (1,570 species), and the unique, exclusively parthenogenetic Bdelloidea with 461 clonal species (Segers 2007 (Segers , 2008 . Out of these, 419 species are known from India (Sharma & Sharma 2017a ).
Though a majority of attempts on the systematics of Indian Rotifera are from the northeastern states (see Sharma & Sharma 2017a; Vanjare 2017) , that from Arunachal Pradesh is very negligible. The first ever review of taxonomic studies on Indian Rotatoria (Sharma & Michael 1980) indicates no studies on rotifer fauna of Arunachal Pradesh till that time.
The report of three species of Lepadella, namely, L. acuminata, L. ovalis & L. patella by was probably the earliest record of Rotifera from Arunachal Pradesh. While studying the distribution of lecanid rotifers in northeastern India, Sharma (1987a) 
the state. Sharma (1987b) reported the occurrence of Anuraeopsis fissa from Arunachal Pradesh. While studying the zooplankton biodiversity of the amphibian habitats of Arunachal Pradesh, recorded an additional 10 species of rotifers from eight districts of the state. At this time, altogether 19 species of rotifers are known from Arunachal Pradesh. Sharma & Sharma (2005) , however, while studying the biodiversity of freshwater rotifers from northeastern India, reported the occurrence of 26 species of Rotifera in Arunachal Pradesh. But, no published information could be found for the remaining seven species, hence they are not considered.
Later, Lecane quadridentata and Synchaeta oblonga were added to the rotifer fauna of Arunachal Pradesh (Sharma 2008; Sharma & Sharma 2008) . In the latest review on the diversity and distribution of Indian Brachionidae, Sharma & Sharma (2014a) 
Cladocera of Arunachal Pradesh
Cladocerans are small crustaceans in the range of 0.2-6 mm. They inhabit most types of continental fresh and saline water habitats, occurring more abundantly in both temporary and permanent stagnant waters Within India, the cladoceran fauna of the northeast is the best known (Sharma & Sharma 1990 , 2011 
Copepoda of Arunachal Pradesh
Copepods are the largest among the three major groups of zooplankton, ranging from 0.5-15 mm in size. These are claimed to be numerically the most abundant metazoans on earth and conservative estimates reveal that they may outnumber the abundance of insects Scientific reports on Indian freshwater copepods began to appear with the works of Gurney (1906 Gurney ( , 1907 .
Nearly 200 species of freshwater copepods are known from India (Reddy 2017 Whatever is known about the zooplankton diversity of the state is ancillary to other studies; some are mentioned in the faunal inventories of other states, some in review of a particular taxon or a particular region, some in routine EIA studies, while others in either feeding behaviour studies of zooplankton consumers or limnological studies. Thus, there is a complete lack of comprehensive and exclusive studies on zooplankton fauna of Arunachal Pradesh.
Nonetheless, collation of whatever scattered reports that are available in the public domain reveals that zooplankton fauna of Arunachal Pradesh comprises of 45 species of Rotifera under 20 genera and 13 families, 20 species of Cladocera under 16 genera and 9 families, and only one species of Copepoda. As apparent, copepods are the least studied group (Table 1, Fig. 2 ) as only one species under one genera under one family is known so far from the state. This is purely an under-representation of the zooplankton diversity of the state which is otherwise well known for its rich and unique biodiversity. The poor zooplankton diversity of Arunachal Pradesh is in contrast to the established fact that within the Indian landmass, the highest diversity of Rotifera (Sharma & Sharma 2014b ) and Cladocera (Sharma & Sharma 2011) have been documented from the northeastern region, which also includes this state. Low level of exploration Heliodiaptomus cinctus (Gurney, 1907) Papumpare, E. Siang of zooplankton fauna of Arunachal Pradesh is perhaps due to the mostly inaccessible terrain of the state and lack of experts in and around the state. The record of nine rare species of rotifers from the aquatic biotopes of Arunachal Pradesh, however, is an indication of the unique nature of zooplankton fauna that is yet to be explored in detail; a thorough exploration may reveal many more elements of biological, ecological, and evolutionary interest. Prevalence of the wide range of climatic conditions from temperate to alpine conditions and the phenomenal range of habitats owing to the unique biogeographic positioning of the state supports this hypothesis.
Studies on organisms like zooplankton in these extreme aquatic habitats may throw light on their adaption, thus helping us to understand the evolution of cryptic species group complexes like those in Lecanidae, Brachionidae, and similar others in Cladocera as well as Copepoda. Further, zooplankton are considered as 'beacons of climate change' (Richardson 2008 ) and studying them from high altitude areas like those in Arunachal Pradesh may provide better insight into understanding climate change impacts. These are just the glimpses out of many such opportunities we are missing out by not exploring the zooplankton fauna of a unique and critical region like Arunachal Himalaya.
